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232a Monday, February 9, 2015part of this work, we modified the AMBER-99 all-atom molecular dynamics
force-field parameters to accurately capture the van der Waals interaction be-
tween the atoms of the nucleobases and graphene. We rescaled the size of
the graphene carbon and nucleobase atoms to match the graphene-nucleobase
interaction energy profile in vacuum obtained using DFT calculations, and
further rescaled the interaction energies to reproduce the binding free-
energies in water obtained through ITC experiments. Our results provide a
quantitative understanding of nucleobase-graphene interactions, and also build
a platform to understand ssDNA binding to graphene surfaces, duplex forma-
tion at the graphene-water interface and their subsequent release to the bulk.
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DNA G-quadruplexes in human telomeres and gene promoters are being exten-
sively studied for their role in controlling the growth of cancer cells. They are
also predicted to exist in the guanine (G)-rich genes encoding pre-ribosomal
RNA (pre-rRNA), which are transcribed in the cell’s nucleolus. Recent studies
strongly suggest that these sequences are a potential anticancer target through
the inhibition of RNA polymerase I (Pol I) in ribosome biogenesis. The struc-
tures of ribosomal G-quadruplexes at atomic resolution are unknown and very
little biophysical characterization has been performed on them. In the present
study, we have modeled two putative rDNA structures, NUC19P and
NUC23P, which adopt a predominantly parallel topology (circular dichroism
(CD) spectroscopy), and their counterpart rRNA, reminiscent of the analogous
telomeric quadruplex structures. One of the sequences, NUC19, showed a mi-
nor CD signature consistent with an antiparallel topology and was also modeled
(NUC19A). To validate and refine the putative ribosomal G-quadruplex struc-
tures, we performed all-atom molecular dynamics (MD) simulations for 100
and 500 ns in the presence and absence of stabilizing Kþ or Naþ ions, respec-
tively. We introduce two novel metrics for quantifying the relative stability of
the G-quadruplex tetrads: 1) the center of mass base-to-base distance between
diagonal guanines, and 2) the torsional angle between four guanines. Our rela-
tive free energy profiles show that the rDNA G-quadruplex structures are more
stable than rRNA and NUC19P is more stable than NUC23P, which features
extended loops. The antiparallel topology was determined to be a disordered
configuration due to the lack of planarity after the simulation. Our study sug-
gests that NUC19 and NUC23 form stable, predominantly parallel-topology
G-quadruplexes. These well-defined structures are potential nucleolar targets
for the design of novel chemotherapeutics.
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G-quadruplex is of interest due to its appearance in the telomere sequence, the
oncogene promoter region, etc. Its diffusion and change of structure, especially
under high viscosity, are important for understanding its dynamics. We present
the difference in the diffusion dynamics of the G-rich DNA sequence between
single-strand DNA (ssDNA) and G-quadruplex in polyethylene glycol (PEG)
solutions. The nanoviscosity effect is observed according to PEG’s molecular
weight. In the PEG 200 solution, both the ssDNA and the G-quadruplex have
macroviscosity; in the PEG 10000 solution, the G-quadruplex has nanoviscos-
ity and the ssDNA has macroviscosity; and in the PEG 35000 solution, both the
ssDNA and the G-quadruplex have nanoviscosity. The experimental results are
consistent with the theoretical prediction.
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Polycarbazole-titanium dioxide (PCz/TiO2-8) nanocomposite was synthesized
for the first time by in-situ oxidative polymerization with ammonium per sul-
phate as an oxidizing agent in the presence of TiO2 nanoparticles and charac-
terized by SEM, TEM, FTIR, DTA and TGA techniques. The results of above
analysis confirmed that the incorporation of TiO2 nanoparticles in PCz indi-
cating the formation of the nanocomposite due to strong interaction between
TiO2 and PCz matrix responsible for enhancing the properties as compared
to pristine PCz. The PCz/TiO2-8 nanocomposite was tested for antimicrobial
activity and was found to exhibit the activity against gram negative as well
as gram positive strains at micromolar concentrations. SEM and TEM resultsshow that PCz has polymerized on the surface of the TiO2. The four types of
3D molecular field descriptors or field points as extrema of electrostatic, steric,
and hydrophobic fields are explained. These field points are used to define the
properties necessary for a molecule to bind in a characteristic way into a spec-
ified active site. A molecular docking simulation was used to predict the modes
of interactions of the drugs (PCz and PCz/TiO2-8) with DNA. The molecular
docking conclusion indicated that the modes of interactions between the two
(PCz and PCz/TiO2-8) and DNA helix can be regarded as groove binding.
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DNA is a highly programmable, self-assembling nanoscale material in which
reliableWatson-Crick basepairing enables the rational design of nearly arbitrary
molecular architectures for use as chromophore, nanoparticle, and RNA scaf-
folds, cellular delivery vehicles, and fluorescent reporters and probes. Because
the cost of synthesis per DNA object is high and structural validation is time
consuming and limited, we previously introduced a computational framework
to enable the in silico prediction of 3D structure from programmed secondary
sequence. However, that approach assumed that neighboring DNA helices
were programmed to assemble into either square or honeycomb parallel lattices,
greatly limiting the diversity of DNA objects that could be designed. To over-
come this limitation, here we introduce a generalized computational framework
that reads as input programmed secondary structural elements including du-
plexes and four-way junctions to predict 3D solution structure and mechanical
properties of folded DNA assemblies, free of any lattice-constraints on the final
folded structure.We demonstrate utility of the procedure by applying it to planar
and hemispherical concentric rings, curved tile-based ribbons, and a 3D crystal
of tensegrity triangles. Results are compared quantitatively with experimental
AFM, TEM, and X-ray diffraction data when possible. The present approach en-
ables 3D structure prediction of programmed DNA assemblies that have an
increasing number of applications in biomolecular science and technology.
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Molecular simulation of long time-scale dynamical motions of proteins and
DNA/RNA assemblies is currently impossible using all-atom approaches. In
order to partly overcome this limitation, Normal Mode Analysis (NMA) is
commonly applied in vacuum to molecular assemblies to enable the calculation
of large length-scale molecular motions, albeit with no feedback on their func-
tionally crucial relaxation time-scales in solvent. Moreover, vacuum Normal
Modes may differ substantially from Brownian Modes because linearized mo-
lecularmotions in solvent are typically over-damped,whereas vacuumNMAas-
sumes purely harmonic, inertia-dominated motion. To overcome the limitations
associated with vacuum NMA, we introduce here a linearized Brownian Dy-
namics framework that enables the simulation of the over-damped motion of
high molecular weight protein, DNA, and RNA assemblies based on the finite
element method. We apply the procedure to simulate microsecond over-
damped dynamics of Taq polymerase and programmed DNA nanostructures,
and compare quantitatively BrownianMode shapes with corresponding vacuum
Normal Mode shapes, as well as analyze their respective relaxation time-scales.
The present computational framework enables the simulation of long time-scale
conformational dynamics of highmolecular protein, DNA, and RNA assemblies
in solvent that are inaccessible to all-atom approaches even on super-computers.
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Magnetic tweezers are a force and torque transduction tool ideal for probing
single biological molecules whose function depends upon topological twisting,
Monday, February 9, 2015 233asuch as DNA. Traditional magnetic tweezers geometry imposes a vertical
extension on a surface-tethered molecule parallel to the microscope’s optic
axis, resulting in only a small section of DNA being in focus and thus being
reliant on indirect measurements of magnetic bead position to infer topological
dynamics. Here we describe a bespoke transverse magnetic tweezers system
that can be integrated with optical tweezers and multicolor single-molecule
fluorescence imaging. This permits independent control over the molecular
extension and torque imposed on a single DNA molecule while allowing the
full extent of the DNA to be visualized within the fluorescence microscope’s
depth-of-field, in addition to proteins bound to the DNA which affect its topol-
ogy, such as DNA gyrase. Using a lamda DNA control we have generated a
bifunctionalized construct via oligo insertion to permit tethering of single
DNA molecules between a streptavidin-coated paramagnetic bead and a nano-
scale platform, and have generated superresolution structural detail of DNA
with video-rate sampling to a lateral precision of a few tens of nm utilizing
the stochastic photoblinking of the intercalating DNA dye YOYO-1 and the
minor groove binding dye SYTO-13 through Blinking assisted Localization
Microscopy (BaLM).
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Key genomic processes such as replication and transcription require localized
unwinding and base-pair melting of the double-helix. In vivo, however, DNA is
often torsionally constrained, presenting a topological barrier to unwinding.
While it is known that unwinding can proceed through buckling of such
DNA (resulting in plectonemes), this may only occur at low forces (typically
below 1 pN). Here, we ask: how can torsionally constrained DNA unwind at
higher forces without changing the overall twist?
Using a combination of optical tweezers and fluorescence microscopy we map
the local changes in twist and base-pair integrity of torsionally constrained
DNA as a function of tension and ionic strength. By correlating the second de-
rivatives of force-extension curves of torsionally constrained DNA to the
binding of a fluorescently-labeled single-stranded DNA binding protein (Repli-
cation Protein A), we identify two tension-dependent structural transitions. In
agreement with a previous proposal, we show that at high tension (above
115 pN), unwinding is accompanied by the formation of overwound DNA
(termed P-DNA) in a largely cooperative mechanism. Strikingly, we also reveal
that for intermediate tensions (60 to 115 pN), localized base-pair melting can
occur without changes in DNA twist. This mechanism, which is significantly
less cooperative, is referred to here as ‘pre-melting’. We demonstrate that
pre-melting is favored by AT-rich sequences and low ionic strength. In
contrast, P-DNA is largely stabilized by higher salt concentrations, while
also having a preference for AT-rich domains. This supports the hypothesis
that P-DNA consists of tightly entwined backbones with exposed bases.
These findings provide a new understanding of the interplay between DNA
twist, extension and sequence. Moreover, since DNA unwinding can be
induced through either tension or applied torque, this work may have strong im-
plications for the metabolism of torsionally constrained DNA in vivo.
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Bending rigidity of DNA is one of its most important mechanical properties,
since in eukaryotic cells a vast majority of the DNA (75-80%) is tightly packed
into chromatin. Classical experiments have measured the persistence length
(PL) of DNA, which is directly related to its bending rigidity, to be about
45-50 nm (140-160 bp). Previous all-atom molecular dynamics (MD) studies
of DNA flexibility attempted to calculate this value using relatively small frag-
ments (much less than PL) in explicit solvent. However, the simulations are
usually computationally expensive due to a large number of water molecules
required to construct the solvent box, and the resulting PL approximations
are greater than the experimental values. One possible explanation for this
discrepancy between experiment and simulation may be that classical experi-
mental measurements were performed with DNA fragments on the order of
PL or greater, while fragments much smaller than PL have so far been used
in MD studies. In this work we provide a computationally inexpensive method
of estimating the PL of DNA from atomistic MD simulations of long fragments
on the order of PL (~150 bp) in implicit solvent that provides good agreement
with experiment.1173-Pos Board B124
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Fluorescence Correlation Spectroscopy has been used to study the conforma-
tional dynamics of DNA hairpin molecules of various loop lengths in aqueous
solution. In a recent development, we are also able to monitor the temperature
dependence of the processes of interest. In our 2-beam approach, the analyte
molecules flow through an electrophoresis capillary under the influence of pres-
sure driven flow or electrophoretic flow and are probed by two spatially offset
probe volumes in such a way that the molecules flow sequentially from one
probe volume to the next. A pair of dye-quencher molecules attached to
DNA or RNA hairpin structures give rise to fluorescence fluctuations due to
folding-unfolding dynamics of the hairpins. Fluorescence fluctuations from
the probe volumes are analyzed using auto-correlation and cross-correlation
analysis. In this way, we are able to resolve fluorescence fluctuation time con-
stants arising from diffusion, flow, triplet blinking, and conformational fluctu-
ations. Using a temperature controlling stage we can fix the temperature to
within 0.2 degrees in the range 5 - 95 degrees Celsius, unaffected by the
flow rate of the solution in the capillary. In this presentation, we will discuss
recent results from our study of DNA hairpins of different loop lengths, at
different temperatures and Sodium ion concentrations. We will also discuss
binding and unbinding of counterions to individual nucleotides as they flow
through the capillary under the influence of an applied electric field. Emphasis
will be placed on how the desired information can be extracted using our unique
approach to fluorescence correlation spectroscopy.
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Despite decades of theoretical and experimental research, the mechanism of
DNA condensation remains elusive. Numerous models successfully describe
this condendsation, including those invoking dynamic counterion fluctuations,
salt bridges, static counterion lattices, and models that invoke the underlying
DNA geometry, all while presenting vastly different models for ion binding.
Here we present new experimental data that quantifies the ions bound to
condensed DNA arrays. By measuring the competition between condensing
ions and various non-condensing ions we quantify the electrostatic interactions
between the DNA and ions. Furthermore, by varying the inter-axial spacing of
condensed DNA utilizing crowding agents, we report on the interplay between
the packing force of DNA and competitive ion binding. Finally, we present a
simple new Ion Binding Model (IBM) that captures much of the observed bind-
ing. These data should prove vital in determining the underlying electrostatic
mechanisms that drive DNA condensation.
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The stresses induced in DNA during cell processes such as replication and tran-
scription lead to the formation of plectonemic supercoils. Supercoiling in turn
affects these processes. As a result of this relationship between supercoiling and
these processes, the degree of supercoiling in DNA needs to be controlled
closely in order to optimize these cell processes. This control is facilitated by
enzymes such as type 1b topoisomerases and nicking endonucleases which
relax supercoiling in DNA.
The dynamics of DNA supercoil relaxation have been studied in recent exper-
iments by means of single-molecule magnetic and/or optical tweezer ex-
periments. Novel as these experiments are, they do not permit a direct
observation of the structural changes that occur in DNA during supercoil relax-
ation. They depend on components (e.g. a paramagnetic bead) attached to the
DNA to indirectly obtain information about these dynamics.
We studied the dynamics of supercoil relaxation by means of Brownian Dy-
namics simulations of a discrete wormlike-chain (dWLC) model of DNA.
These simulations parallel the single-molecule experiments in which a single
DNA molecule is held under constant tension so that its end-to-end extension
increases as supercoils are relaxed by a nicking endonuclease. The dWLC
model accounts for elasticity, electrostatics and entropic forces as well as for
hydrodynamic interactions.
